ABSTRACT
INTRODUCTION
Power conversion efficiency (PCE) of bulk heterojunction (BHJ) organic photovoltaic cells (OPVs) has markedly improved in recent years [1] [2] [3] [4] [5] . The open-circuit voltage (V oc ) is one of the important parameters that determines the PCE. It is widely believed that the V oc correlates well with the energy difference between the lowest unoccupied molecular orbital (LUMO) of the acceptor and highest occupied molecular orbital (HOMO) of the donor. Lowering the HOMO energy levels of the donor has been regarded as an effective way to increase V oc [6, 7] .
In contrast, in a previous study, we found BHJ OPVs based on two alternating conjugated polymers consisting of ethylenedioxythiophene and fluorene (PEDOTF), shown in Fig. 1(a) , with almost identical HOMO energy levels of -5.2 eV exhibited significantly different V oc s:
V oc of 0.83 V for H-PEDOTF with a high molecular weight and 0.59 V for S-PEDOTF with a low molecular weight [8] . In the present study, to elucidate the difference of V oc s in these BHJ OPVs in detail, we investigated the electroluminescence (EL) from charge-transfer (CT) is directly related to V oc s [9] . Figure 1 (b) shows the conceptual energy diagram of this study. 
EXPERIMENTAL
Two kinds of PEDOTF were prepared -H-PEDOTF via dehydrohalogenative cross-coupling reaction (so-called direct C-H arylation [10, 11] ) and S-PEDOTF via the Suzuki-Miyaura cross-coupling reaction [8] . The resultant H-PEDOTF polymer had a higher number-average molecular weight (M n ) of 147,000 compared to S-PEDOTF with a M n of 17,100. 
RESULTS AND DISSCUSION
The reported BHJ OPV performance characteristics, including short circuit current density (J sc ), V oc , fill factor (FF), and PCE under AM 1.5G illumination of 100 mWcm −2 are listed in [12] and the HOMO level of polymers [6, 7] . However, the experimental value of V oc (0.59 V) for the S-PEDOTF-based OPV was lower than that for the H-PEDOTF-based OPV (0.83 V). To understand the origin of this discrepancy in the the low hole mobility of S-PEDOTF. In our previous study, we found film morphologies for both OPVs based on S-and H-PEDOTF were similar despite significantly different M n [8] .
This rules out the morphology of the BHJ layers as a possible contributing factor for the observed difference in V oc . The hole mobility of S-PEDOTF was reported to be about two orders of magnitude lower than that of H-PEDOTF, i.e., 3 owing to the presence of a high level of terminal units, which are regarded as defects in polymer semiconducting materials. Such defects can also act as traps that increase the probability of charge recombination, leading to reduced values of V oc [13, 14] . The present findings suggest that the loss of V oc in S-PEDOTF-based OPVs is potentially due to a trap assisted recombination mechanism rather than the interfacial state of S-PEDOTF/PC 70 BM.
CONCLUSION
By analyzing CT EL spectra from BHJ OPVs based on H-PEDOTF and S-PEDOTF, we investigated the difference in V oc s of these OPVs. We found that a trap assisted recombination mechanism is the most likely origin of the excessive loss of V oc in S-PEDOTF-based OPVs as opposed to any contribution from the interface state of S-PEDOTF/PC 70 BM. We believe that the analysis of CT EL spectra from BHJ OPVs is a powerful tool to evaluate the accuracy of the value of V oc in BHJ OPVs.
